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Author’s Preface:

In participation with the Michigan Clean Water Corps (MiCorps), whose objective is to collect and
compile data to monitor the status of Michigan’s many freshwater inland lakes under the Cooperative Lake
Monitoring Program (CLMP), the research that is the basis for this report was collected during the spring,
summer, and fall seasons of 2024.

MiCorps issues an official report for each participating lake in the CLMP each year, however the nature
of the program’s official annual reports is very limited, in terms of its scope, analysis, and conclusions. Their
individualized report will be provided along with this one, but as interns for the Long Lake Association, we find it
incumbent upon ourselves to provide the Long Lake Association with a more thorough report of the status of
the Long Lake watershed with respect to the environmental parameters included in the data collected for the
MiCorps program and additional parameters that were untaken with an investigative interest.

The two authors of this report, a primary author and secondary coauthor, are both students pursuing an
Associates in Applied Science in Water Quality and Environmental Technology at the Northwestern Michigan
College (NMC) Great Lakes Water Studies Institute (GLWSI). Our program is a new one at the GLWSI, and it
has so far centered principally on the science and study of environmental contamination and remediation in our
state’s groundwater with a distinctly hydrogeological focus on chemical and elemental contaminants. Being the
case, however, that the study of groundwater and standing bodies of water are intimately related in that all
groundwater eventually flows to standing bodies of water, and that the objective and interest of the science of
environmental remediation is to study and identify, generally, the presence of pollutants that may have
detrimental effects on humans and the environment, students were encouraged to use the knowledge of the
equipment conveyed in our program to work for the Long Lake Association as interns to engage with its
participation in the MiCorps monitoring program. This work allows us to gain a broader and much more
comprehensive understanding of ‘water quality’, or ‘water study’, as it were, and the authors of this report
recognize and appreciate the opportunity it affords us to diversify our otherwise directed program of study by
exploring the surrounding natural area with regard to its ecology, to use some of the same types of water
technology and equipment with which we have been presented over the course of the past year, and to
contribute to the Long Lake Association’s mission of being a local steward with certain authority over the Long
Lake watershed, as it works to continually assess the state of its aquatic and environmental assets.

While such work would be considered by some to be principally within the domain of ecology, and the
study of the Long Lake watershed that we have undertaken is partly one of this nature with regard to the
consequences of its existing and future water qualities, there is undoubtedly a need for students that are to use
and deploy water quality technology to practice their skills and to pursue their interests of study in an academic
context, as well as to gain and to further an understanding of the way in which these parameters affect the
surrounding nature; the interactions between the elements comprising our study environ and its biological
agents are sufficiently involved and complex to require a careful consideration of each agency, including our
own.

At present, the effects of environmental contamination on the Long Lake Watershed, if any, have not
been readily apparent or have not yet been recognized. The Long Lake Watershed is generally regarded to be
well-removed from the sort of industrial, environmental contamination that occurs on and is addressed at a
larger scale. Environmental contamination, however, does occur at markedly different degrees and does stem
from a variety of exposure pathways, and those sources that are likely to affect environments like the Long
Lake watershed are very much in need of closer scrutiny using scientific study, as less notice may be made of
those smaller ecological systems simply because fewer industrial activities, i.e. manufacturing, production,
engineering, etc., might be located near or about them. This is especially so when and where less is known, at
present, about the broader importance of the interplay of these hydrological systems with the greater Great
Lakes Basin.
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It is apparent to students keen to pursue this course of study that environmental pollution is intimately
linked with the ecology of the environment, for its very purpose is to principally protect it from damage and/or
harm that humans and organisms may pose to it, and, indeed, it is often the proximal situation of the former
among such that may pose a host of problems for these water bodies. As such, the key concerns that we have
identified over the course of this summer may appear to some to be ones of an ecological nature, merely.
However, more careful, thoughtful, and thorough understandings of and approaches to these problems indicate
that both the potential and real ecological challenges that the Long Lake watershed has encountered in the
past, and present, and will be predictably facing over the course of the coming decades, are ones that have
likely resulted from humans’ activities on and about the watershed. It is the purpose of this paper, therefore, to
identify, present, and research their potential causes in this wider and finer context. There is an urgent need
from the world over to grow our knowledge of the ways in which humans are exerting serious, detrimental
effects upon our earth, its water, and the animals living in and around each of these, in order to understand
what can be done to change these.

As an additional note, the parameters of our study have two approaches: those of a quantitative nature,
such as the data sets for dissolved oxygen, calcium, and chlorophyll concentrations, which provide metrics that
can be used to measure and make inferences about the ecosystem, and those of a qualitative nature, such as
the classification of each lake’s trophic status and phyto- and zooplankton identifications, which are non-
empirical, but no less scientific, observations about the study environment that have as much value, if not
infinitely more, than any amount of data that could be collected because they provide us with important
perspectives and clues when and where our data cannot. There is a strong tendency in many scientific
communities to rely only on those parameters that are empirical (based only on data) and to ignore those that
are not so, but doing so often makes a study prone to disregard the importance of other observations in the
broader scheme of study. This tendency we have resolved to negate the collection of a diversity of study
parameters and objectives that may better inform the Long Lake Association about what is actually happening
in our lakes within the Long Lake watershed.

Study Design

Tools and Equipment

Data for our sampling parameters for dissolved oxygen, temperature, pH, and conductivity were
collected using a digital YSI Pro meter and probe that was calibrated with the help of a laboratory technician
before sampling began. For the purposes of our study, measurements for water transparency were made using
a Secchi disk, which is a manual gauge that one may use to measure how far beneath the surface of water a
checkered disk remains visible. Laboratory tests were used to measure total nitrate/nitrite, total phosphorus,
calcium, chlorophyll-A, and E. Coli/Coliform bacteria. Two separate laboratories performed analytical testing for
our study, depending on the parameter.

To collect samples of phyto- and zooplankton for microscopy study, we conducted three plankton trawls
using a trawl net at different places in the lake, including Long Lake #2, Mickey Lake, and an area further
southwest of Long Lake #1, in order to identify and look for patterns in the distribution of algae in the lake. A
plankton trawl consists of a filamentous net shaped like a funnel with a rigid opening on one end and a capture
bottle at the narrow end that contains interwoven netting on its sides to let water flow through. An aperture size
of 64 microns was used for plankton sample collection with a sample time of 5.00 minutes with our vessel
traveling at a slow steady speed.



Study Duration

The CLMP encourages a regular, yearly sampling of study parameters. Sampling for most parameters
was conducted approximately biweekly, beginning in May and lasting through September. Some water
samples for laboratory testing were taken twice, at dates determined by the CLMP program, once shortly after
ice-out in March, and another date later in the summer. Laboratory sample collections for other parameters not
specifically included in the CLMP were conducted twice or more, once in late spring and another in late
summer.

Mickey: Lake #1

Long Lake #2

Long Lake'#1

Ruth Lake #1

Study Area

Our study area was the Long Lake watershed, located a few miles southwest of Grand Traverse Bay in
the northwestern portion of lower Michigan. Samples were collected for three lakes in the Long Lake
watershed: Long Lake, Mickey Lake, and Ruth Lake. As Long Lake spans an area significantly larger than either
of the other two Lakes, samples were collected at two locations for Long Lake, which we chose to call Long
Lake #1 and Long Lake #2. These will also be referred to in the report as LL1 and LL2, or LL#1 and LL#2. Long
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Lake #2 is located at a more northerly location than Long Lake #1, with approximate latitude and longitudinal
coordinates of (44.72473° W, -85.75612° N) and (44.70383° W, -85.74432° N) for Long Lake #2 and Long Lake
#1, respectively. These particular locations were selected because they were the two deepest parts of the lake
and could provide us with the most depth to collect data. Long Lake is deepest in the area of Long Lake #2,
which reaches a maximum depth of 90 feet, the deepest part of the entire lake, and the area around Long Lake
#1 reaches a local maximum depth of approximately 60 feet in depth.

Mickey Lake (approx 58.75 acres) is located just off the northwestern stretch of Long Lake and is
connected to Long Lake by a narrow, shallow channel that allows for travel by boat between the two, when
water levels permit. It is much smaller than Long Lake and forms an environment that is rather insulated from
the waves and more turbulent waters of Long Lake, although Long Lake is its apparent source. There is one
sample location for Mickey Lake, termed Mickey Lake or Mickey Lake #1.

Ruth Lake (approx 49 acres) is located a similar distance off the southwestern stretch of Long Lake. It is
not connected to Long Lake, such that traversal by boat is possible, however, Ruth Lake does have a small
outlet that sometimes flows into Long Lake. There was only one testing location for Ruth Lake at the southern
end of the lake where the water is deepest.

Study/Monitoring Parameters:

Water Level

2024 Long Lake Water Levels, March through
October
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The graph above displays Long Lake water levels reported by the Long Township for March through
October of this year. Note that all data points are not exactly seven days apart. Selected data points that note
changing water levels are labeled with the date of measurement and the recorded height of the water level
(FSL). A remarkable decline in lake levels was observed this year between 7/31 and 8/2, when the water levels
reportedly dropped half a foot in just three days’ time. Water levels continued to decline throughout the months



of August, September, and October, receding to a low of 846.5 feet FSL. The lowest water level reported by
the Long Lake Association office since 2008 is 846.3 FSL, and this year’s low differed from this by just 0.2 feet.

The reason for these especially low levels is mentionable. Monitoring began especially early this year,
as annual sampling for one of the program’s parameters is determined to begin shortly after the seasonal ‘ice-
out’ occurs (when there is no longer ice present on the lake), and this year was characterized by an especially
warm winter and very early spring. As the sun nears the peak of its solar cycle in 2025, the effects of
anthropogenic (human-induced) climate change are becoming more noticeable in the Midwest region. There
was very little snowfall last winter, and there was little rainfall in the summer and early fall months of this year.
The combined effect resulted in water levels in Long Lake that are much lower than in a typical year. At the end
of this year, water levels became so low in Long Lake, that travel between Long and Mickey Lakes became
more difficult; the depth of the water in the channel connecting the two became so low that the propeller of our
research vessel ran at one point ran aground in the sand beneath the channel.

Water Transparency

Water Transparency — Secchi Depth 2024

Long Lake o— Mickey Lake Ruth Lake

Linear (Long Lake) Linear (Mickey Lake) Linear (Ruth Lake)

32.5

Water transparency is a measure of the clarity of water. The graph above displays Secchi disk
measurements for the sampling duration of this year, to examine how water transparency may be changing
over time. Secchi disk samples for each of the three lakes had slightly different profiles for water transparency:
water transparency in Long Lake was the greatest of the three lakes with a seasonal high of 34 feet and a low
of 20 feet; water transparency in Mickey Lake was lower, but still rather clear and transparent; water
transparency in Ruth Lake was very minimal, ranging from a mere 3-4 feet. Standard deviation for each data
set is displayed as a gray bar on each datum.

Notably, there is a general trend of decreasing water transparency in Long Lake over the sampling
duration (equal to a decrease of 0.1181 ft/day), and this pattern is possibly an indicator of increasing
productivity (activity) of planktonic algae resulting in overall increases in algal biomasses in the water column
that absorb light. It may also be indicative, however, of lessening contributions of clean freshwater recharge
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from underwater springs connected to aquifers that discharge into the lake over the course of the spring and
summer seasons; in early spring, groundwater elevations are generally higher because of the seasonal melt
and precipitation that occur and this allows more water to discharge into lakes through springs because overall
hydraulic pressures exerted by the groundwater at springs are greater, but when water levels decline later in
the year as a result of evaporation and transpiration, the water table lowers and less water will discharge
because the hydraulic pressures of springs abate proportionally.

Mickey Lake is more isolated than Long Lake but is not entirely so as in the case of Ruth Lake, and so it
also shows signs of greater productivity, but Mickey does exchange water directly with Long Lake, which is
likely to increase the water clarity considerably.

Water transparency in Ruth Lake is much less than transparency in either Long or Mickey Lakes, having
a maximum water transparency of just 4 feet. One may note that only two Secchi depth readings for Ruth Lake
were taken over the study period because access to a suitable spot with sufficient depth for sampling of other
parameters in Ruth Lake was limited to access with a rowboat, which made sampling on this lake a lesser focus
because of the practicality. The substantial reduction in water transparency in Ruth Lake may be indicative of
considerably greater algal productivity than Long Lake and its near-total isolation from Long Lake.

Total Phosphorus

Phosphorus is an important nutrient required for phytic (plant, including algal) growth. Total phosphorus
levels were measured at two sampling dates of late Spring and late summer, one in early June and another in
early September. In the spring, surface phosphorus levels were sampled only, in Long and Ruth Lake. In
September, phosphorus levels were collected both at surface and at a depth in the lake equal to twice the
Secchi depth (considered to be twice the limit of the photic zone) to determine whether any changes that
occurred after the strong seasonal mixing of spring should have abated. September sampling for total
phosphorus was conducted exclusively for lakes Long and Mickey. The sample locations for Long Lake were
both LL2.

2024 Total Phosphorus Levels Late Spring and
Summer
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The foregoing graph depicts total phosphorus levels for the late spring and summer for Long Lake #2
and Mickey Lake at surface and at depth. The surface sample was collected at a depth of < 1 m, and the depth
sample was taken at a depth beneath the water equal to twice the Secchi depth recorded on the date of the
sample. Long Lake #2 showed a distinct change in phosphorus concentrations at depth from late spring to
summer, when levels increased from 8.6 to 12.4 pg/L. Mickey Lake showed a significant decline in surface
phosphorus concentrations from the late spring to the summer, when concentrations reduced from 8.7 to 2.5

pg/L. Mickey Lake also showed a significant decline of phosphorus concentrations at depth, declining from 9.9
to 5.0 pg/L.
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This graph depicts spring surface phosphorus levels in Long Lake for the recent years when sampling
was conducted (eight measurements over a ten-year period), including the current one. Note: each datum’s
measurement for Ruth Lake is placed above its respective datum point, each for Mickey Lake is placed to the
right of its respective datum point, and each for Long Lake is placed below its respective datum point.

Surface phosphorus levels in Long Lake are historically low, with a 10-year maximum of 8.5 pg/L in
2024. This fact is interesting because Long Lake is reported to have significantly elevated phosphorus levels in
the sediment in comparison with the general phosphorus profile for other oligotrophic lakes (Great Lakes
Environmental Center, 2001). One possible explanation that has been put forth which may explain both findings
is that dissolved oxygen concentrations modulate recruitment (transport) of phosphorus from the sediment into
the water column; in other words, dissolved oxygen is required for an exchange of phosphorus from the
sediment into the water column and low dissolved oxygen concentrations like those observed at depth in Long

Lake are likely to significantly reduce the transport of this nutrient in a way that may have a profound effect on
lake ecology.



Spring surface phosphorus levels in Mickey Lake have recently been comparable to those in Long
Lake, however, in earlier years Mickey Lake showed greater phosphorus concentrations. Average spring
surface phosphorus levels in Mickey have remained mostly steady over the last ten years.

Linear trends for Long and Mickey Lake have been plotted over their respective data points. Mickey
Lake shows an average yearly change of -0.2099 pg/L per year, meaning a slight decrease in surface
phosphorus levels. The linear trend for Long Lake shows an upward increase of 0.5639 pg/L per year. The
coalescence of their data points is, therefore, more likely indicative of a trend of increasing average spring
phosphorus levels over the past ten years in Long Lake, however, it is plausible that increasing surface
phosphorus levels in Long Lake and declining surface phosphorus levels in Mickey Lake may be caused by
increased transport of surface phosphorus levels from Mickey Lake into Long Lake, considering that the two
bodies of water are connected with one another and that the sample location for LL2 is relatively near the cove
of Long Lake where Mickey Lake flows into Long Lake. One possible explanation for this is that the channel
connecting Long and Mickey Lakes may be becoming deeper over time, as more traversal by boating vessels
causes erosion, allowing more water to flow between Long and Mickey Lakes, however, this connection is an
unlikely explanation for the changing phosphorus concentrations, given the size of Long Lake when compared
to Mickey Lake, and so this apparent trend is more likely a further indication of the interrelation of
aforementioned, underlying hydrology and the way in which temporal changes in precipitation and climate may
be affecting this parameter.

Surface phosphorus levels in Ruth Lake are significantly greater than those for either Long or Mickey
Lakes. Ruth Lake showed an abundance of surface phosphorus in the year 2021 with 35.4 yg/L. This maximum
was followed by a drastic decline in surface phosphorus levels the following year, which were just 4.8 pg/L. The
cause of the significant rise in surface phosphorus levels in Ruth Lake in 2021 is unclear, yet, it is possible that
the two data points may have a cause-and-effect relationship; elevated phosphorus concentrations may
dramatically increase photosynthetic productivity and algal biomass in a year, causing a significant increase in
phosphorus consumption, which may result in sequestration of phosphorus in the sediment in a following
season, if the organisms that consume it are capable of doing so.

Ruth Lake also displays a pattern of declining surface phosphorus levels with its linear trend, however,
this metric is possibly skewed by the extraordinarily elevated levels in 2021. Such extreme changes in surface
phosphorus concentrations do not seem typical of normal lake conditions and could be a result of pollution of
the lake water with excess fertilizer. One potential source could be lawn fertilizers used on properties adjacent
to the lake that were applied near the time of sampling, however properties that surround Ruth Lake are not
typical of the surrounding area and have a plant ecology typical of a marshy wetland. Fertilizer applied freely
over the course of summer season may easily infiltrate the shallow water table beneath a Long Lake’s lawn’s
sandy soils because of the high porosity of these soil types and diffuse into the lake during the following
spring’s snowmelt when the ground thaws and snowmelt quickly increases the height of the water table,
washing unbound (free) nutrients from the soil.

Nitrate/Nitrite

Nitrate/nitrite (NOs'/NO.") concentration samples were collected at the time and in the same manner as those
for phosphorus at Long Lake #2. Nitrate/nitrite are other important nutrients required for plant life. Their
overabundance in water bodies, like phosphorus, can cause ecologically harmful algae blooms, like those
observed in Lake Erie. In its 2023 report, the CLMP noted that, compared to data from the early 2000s, Long
Lake appears to be losing nutrients and has become more nutrient poor over time (Cooperative Lakes
Monitoring Program, 2023).

The graph below displays nitrate concentrations for Long and Mickey Lakes for late spring and summer
for two measurements, at surface and at depth. Surface samples were taken at a depth of < 1 meter below the
10



surface of the water. Depth samples were taken with the aid of a Van Buren bottle to collect a sample of water
from a depth below the lake equal to twice the Secchi depth recorded on the date of sampling. Note: the
laboratory reporting limit for nitrate is < 0.00312 mg/L (3.12 ug/L). Values lower than this limit are considered to
be undetectable, and so where this value appears, nitrate was measured to be at or below this level.

Nitrate/nitrate concentrations at surface and at depth in Long Lake did not differ significantly between
late spring and summer. Mickey Lake showed a significant rise in surface nitrate from late spring to the
summer, when levels rose to 21.6 ug/L.

2024 Nitrate (NO;/NO,) Levels: Late Spring and Summer
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The graph above displays spring surface nitrate/nitrite levels for recent years in which these data were
collected. Note: each datum measurement for Long Lake is placed above its respective datum point, each for
Ruth Lake is placed to the right of its respective datum point, and each for Mickey Lake is placed below its
respective datum point.

Spring surface nitrate/nitrate levels greatly swelled in Long and Mickey Lakes in 2022 to 27.6 and 24.4
Mg/L, respectively, and thereafter returned to the very low 3-4 ug/L concentrations that seem to be the lake’s
typical condition. In the spring near surface nitrate/nitrite levels, we observed a significant increase from 2021-
2023 in nitrate/nitrite levels. Given the linear rise in nitrate/nitrite levels, it is likely that the production of
nitrate/nitrite may be due entirely to a single genus or species of algae that would exhibit a constant rate of
growth and proportional rate of nitrogen fixation.

Calcium

Total Calcium Concentration 2024
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Calcium concentrations in Long Lake and Mickey Lakes were measured at 23.5 and 21.5 ugl/L,
respectively. Calcium concentrations in Ruth Lake were a fraction of those in the other lakes, at 6.9 pg/L. The
great abundance of calcium in Long and Mickey Lakes likely has to do with mineral depositions from aquifer
springs that discharge more groundwater at greater depths beneath Long Lake. Water tends to flow freely
between Mickey and Long Lakes and, perhaps as a result, the Calcium levels are similar. Ruth Lake is only 25-
30 feet in depth at its deepest point. Similarly, the disparity between calcium concentrations in Ruth Lake and
Long Lake is likely indicative of the lesser flow between Ruth and Long Lake. Ruth Lake is connected to Long
Lake by a small channel, but water does not always flow between the two lakes because there is a slight uphill
gradient created by the woods between Long and Ruth lakes, and so water does not continuously flow
between the two. The waters of Ruth Lake are calmer than either Long or Mickey Lake.
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Historic Spring Calcium Concentration: Long, Mickey, and
Ruth Lakes
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The graphs above display historic spring and summer calcium concentrations for Long, Mickey, and
Ruth Lake for recent years from 2018-2024 when data was available. Calcium concentrations for Long and
Mickey Lake are historically higher than calcium concentrations for Ruth Lake. No significant correlations
between spring and summer calcium concentrations in any of the lakes are readily apparent, however, calcium
concentrations for each Lake appear to be relatively stable over time, and some variations between calcium
concentrations do exist between spring and summer. Minor differences in calcium concentrations between




spring and summer are likely to be dependent to a degree on variations in discharge from groundwater caused
by changes in precipitation.

One biological reason that could explain the lower calcium levels in Ruth Lake is that calcium ions are
taken up by a greater concentration of benthic plant species there than exists in Long or Mickey Lakes. As
mentioned previously, a species of lily pad grows in great abundance in Ruth Lake. The roots of these plants
may also exert a stabilizing effect on the soil that reduces calcium leaching from the soil into the water, which is
instead used to quickly grow their stems and roots. If Ruth Lake has no strong springs, and recharge of water
in Ruth Lake occurs primarily via slow infiltration of the groundwater through the soil, calcium may be used
more productively.

Calcium levels are of concern since Zebra Mussels are considered to be a threat for infestation by
many studies if a lake has Calcium levels greater than 12 mg/l. Several other studies conclude that a Calcium
level of at least 20 mg/l is required for Zebra Mussels to establish a thriving reproductive population.

Chlorophyll — A

Spring Surface Chlorophyll-A Historic Levels
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Chlorophyll-A is a type of chlorophyll produced by many genera of algae. It is, thus, a useful metric for
understanding and evaluating trophic status and productivity, if the algal populations that dominate a lake are
composed of species that produce chlorophyll-A. Surface chlorophyll-A concentrations in Long Lake have
been consistently low for the past six years, with a maximum of 3.4 pg/L in 2018.

In the past, the chlorophyll-A profiles of Ruth and Long Lake appear to closely parallel one another from
the samples collected in the years 2018-2021, and Mickey Lake was a considerably more productive lake for
those organisms producing chlorophyll-A in those years. In the years 2022, Ruth Lake increased in chlorophyll-
A concentrations several-fold, rapidly becoming the most productive of the three lakes regarding chlorophyll-A.
The cause of this change is not readily apparent from this data alone, but it may well be understood with further
14



study in the context of the dramatic changes of surface phosphorus concentrations that Ruth Lake experienced
between the years 2021 and 2022: surface phosphorus levels in Ruth Lake were highly elevated in 2021 and
then declined substantially in the following year. As mentioned before, it is possible that the surface
phosphorus decline observed in Ruth Lake in 2022 may be the result of the migration of algae that de-stratified
from the sediment and then embedded in the sediment at the end of the season. So, too, the distribution of
chlorophyll-A at the surface in spring would be dependent on these algae, if the algae are Cyanophyta that do
not produce chlorophyll-A and compete with organisms that do for available nutrients at the surface.

For Ruth Lake, the significant rise in spring surface chlorophyll-A concentrations from 2.59 to 11.85
Mg/L from the years 2021 to 2022 (an increase of 9.26 mg/L) directly correlates with a proportional rise in
spring nitrate/nitrite surface concentrations during those years when nitrate/nitrite concentrations rose from 4.0
to 15.9 ug/L (an increase of 11.9 pg/L). It is probably the case that the growth of a nitrogen-fixing genus of
algae created conditions favorable to the growth of other types of phytoplankton that produce chlorophyll-A.

Strangely, the substantial influx of nitrate/nitrite concentrations seen in Long and Mickey Lakes in 2022,
during which time nitrate/nitrite concentrations increase from 7.4 to 27.6 and from 4 to 24.4, respectively, did
not correlate with an apparent increase in chlorophyll-A concentrations during that year. Chlorophyll-A
concentrations, rather, remained at an extremely low level in Long Lake at just 1.31 mg/L, and decreased
sizably in Mickey Lake from 2021 to 2022, shrinking from 11.37 to 7.34 mg/L. It may be reasoned either that
the presence of planktonic chlorophyll-A—producing algae species in Long Lake is not numerous or that any
species of algae that does exist in Long Lake that produces chlorophyll-A does is not thriving in considerable
numbers at the surface. Provided data that show there is an apparently healthier, i.e. more productive,
population of chlorophyll-A—-producing algae that does exist in connected Mickey Lake, as evidenced by the
higher chlorophyll-A concentrations, it may be surmised that that any such species of algae in Long Lake may
be subject to increased biological stressors, like increased competition with other algae species with which
they must compete for these important nutrients, or other environmental conditions that are adversely inhibiting
their growth. It is possible that other genus of algae that produce other types of chlorophyll, for example,
chlorophyll-B, or other algae with other types of pigmentation exist in sufficient numbers to crowd out any
species that produce chlorophyll-A, however, species of algae that produce chlorophyll-A and the overall
nutrient profile of Long lake in the epilimnion and photic zone does not support this notion, in general.

On this topic, the possible explanation put forward in the foregoing section on total phosphorus that
fertilizers from lawns, exclusively, could account for the influx of phosphorus in Mickey Lake becomes less
likely because nitrate/nitrite levels do not appear to have risen in a similar fashion; that is, if free nutrients like
phosphate and ammonia, both, typical components of fertilizers, were added to the water from lawns or
gardens on or about Ruth Lake, then, the data should also show a dramatic rise of nitrate levels, like that
observed in Long and Mickey Lakes from the year 2021 to 2022, but such a substantial rise is not evidenced,
therein.

In recent years from 2022 to the present, the three lakes have adopted parallel, highly uniform trends
for chlorophyll-A concentrations. These trends may suggest a hydrological interconnectedness of the lakes,
whereby their responses to changing climatic and hydrological conditions are similar and demonstrate a
stabilization of the prior changes to lake ecology observed in previous years: winter temperatures and
precipitation in the region for recent years, especially, since 2020, have been very mild with faster and more
frequent melting of accumulated snowfall, and so the marked influx of water to the lake through groundwater
caused by a final, substantial melt that normally heralds the onset of spring has been lessening significantly.
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Dissolved oxygen is that amount of gaseous oxygen that is dissolved in liquid water, and it generally has
a range between 10 mg/L and 0 mg/L, with water exposed to oxygen usually containing approximately 8 mg/L.
There are two major factors that are commonly thought to be the principal sources of dissolved oxygen
retained in inland lakes: the atmospheric pressure of air and photosynthetic algae, either planktonic (floating in
the water column) or benthic (attached to a surface or bottom of a lake). Dissolved oxygen and temperature
are two parameters our study group chose to plot together because there is often considered to be a close,
causal relationship between temperature and dissolved oxygen distribution in the water column of a lake. The
prevailing theory is that the distribution of dissolved oxygen in lakes is foremost a result of mixing brought on
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by seasonal temperature changes. There is often observed a fairly even concentration of dissolved oxygen in
spring.

This mixing is so theorized: the effect of sunlight and warmer air at the surface of a lake warms a lake’s
surface in spring. This warming creates a significant temperature gradient between warmed water and the
colder waters below. According to a general principle of chemistry, heat in a system, as a form of energy, flows
from warmer substances to colder ones. This results in a process known as aqueous advection. This
temperature flux is considered to be sufficiently strong to induce a current of motion in the water that mixes
oxygen entering at the surface throughout the lake. As warm, oxygenated water turns over into the colder
waters below, the dissolved oxygen in the water transfers to the colder, less-oxygenated waters. This
explanation, in conjunction with biological degradation processes that occur at lake bottoms, is often used to
account for significant changes to the distribution of dissolved oxygen in water observed in the summer, when
hypolimnetic (lake bottom) dissolved oxygen levels often show marked declines and an anoxic environment.

In some respects, our data conforms with this basic theory. Dissolved oxygen concentrations, measured
at Long Lake site #2 (LL2), during May of this spring show an even distribution of dissolved oxygen throughout
the 70-80 feet water column. There is a temperature gradient observed for LL2 on 5/24/24 and 5/30/24 of 5.0
°C between 15 to 40 feet in depth. The minimum lake temperature our group recorded at LL2 during this time
was 12.5°C. An apparent thermocline (rapid change in temperatures at a certain depth) is observed from 25 to
40 feet. Within the depth range of this thermocline, there is a slight rise in dissolved oxygen concentrations that
is often observed at this depth. It is purported that this ‘bump’ of dissolved oxygen concentrations indicates the
presence of planktonic algae that stratify and become more active at this depth of the water. The precise
nature of the algae that reside at this depth in Long Lake has not yet been identified, however, and a better
understanding of biologic composition with respect to the species of algae at this depth is unexplored, for such
organisms may serve important functions in our lakes’ ecology. (Erick Egin, at MSU has more information on
this phenomenon,)

This general profile for dissolved oxygen concentrations changes in June, when significantly anoxic
conditions begin to develop at a depth of approximately 50 feet. At LL2 on 6/10/24, oxygen levels lower to 1.04
pg/L at a depth of 70 feet and a temperature of 13.1 °C. Interestingly, the temperature gradient at this time is
more substantial that the temperature gradient observed at the same site just two weeks prior, on 5/30/24 and
the maximum temperature differential was approximately 6 °C on 6/10/24, however, the dissolved oxygen
concentrations begin to show marked declines, beginning at approximately 60 feet of depth on 6/10/24. This
anoxic zone persisted throughout the sampling events conducted at LL2 for the remainder of the year, growing
in size and reaching a maximum of 40 feet in depth at sampling dates done in August and September.

In other regards, our data was extraordinary in that it did not conform to the profile of dissolved oxygen
concentrations observed at LL2 at the other sample location, LL1. A measurement of dissolved oxygen
concentrations conducted on 8/12/24 showed an almost perfectly linear trend of temperature and dissolved
oxygen concentrations with respect to temperature. This profile is inconsistent with the anoxic environment
observed beginning at a depth of 45 feet at LL2 on the same day. Temperature remains nearly constant over
the entire 55 feet of depth observed at LL1, and in these regards, the data at LL1 on the date was most
remarkable. It is unlikely that this data could be a result of instrument error because sampling for LL1, LL2, and
Mickey Lake were each performed on this day, when LL1 was the intermediate sample location, and we
experienced no equipment malfunctions during this time.

Secchi depth at LL1 at this location was measured at just 25 feet, and so it is unlikely that penetration of
light would extend throughout the entire 55 feet in the water column such that temperatures would be uniform.
One possible explanation we explored was that benthic algae growing at the lake bottom could be supplying
extra oxygen to this area, which distributes evenly throughout the water column, but for the same reason, this
explanation is not plausible because the depth of water at which the plants would be located lies well below the
photic zone, even if it is assumed that this zone extends some distance beyond our measured Secchi depth to
account for changes in light intensity due to weather and the potential for user error with instrumentation.
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Instead, we considered an underlying reason that may differentiate the profiles of dissolved oxygen
concentrations at LL1 and LL2 with respect to temperature and depth: Long Lake is a spring-fed lake, and the
topographical distribution of springs on the Lake is heretofore unresearched and undocumented, to the
authors’ knowledge. Such springs, however, transmit cooler water into the lake when and where they are
located. Groundwater that enters the watershed as precipitation and infiltrates into aquifers is colder in
temperature than surface water because it precipitates at high altitudes where temperatures are colder, and
the ground insulates it against heat as it follows the hydraulic gradient or flows through aquifers towards
standing bodies of water. It may be surmised that either no underlying springs are present about the area of
LL1 or that groundwater recharge from these springs was so low in August of this year that it was effectively
none because precipitation in the watershed was extraordinarily low, else we would observe even a small
change in temperature in the hypolimnion.

The equal and ample distribution of dissolved oxygen about this LL1 zone is, thus, a further matter of
considerable intrigue because mixing due to advection as a result of solar energy cannot be a result of a
temperature gradient for none apparently exists there at that time. The weather on that day was sunny, clear,
and calm, and so the surface turbidity caused by wind is not a likely contributing factor. There were few boats
observed in the vicinity of LL2 during the morning hours (approximately 11:00am) when the data were
collected, and so anthropogenic disturbance to the water column is also an unlikely factor. In that regard,
however, a significant difference between the geology and hydrology of LL1 and LL2 may be relevant. The area
near Long Lake #1 is located on the southern side of the Long Lake peninsula, where an extensive
accumulation of sand deposits as a result of the Lake’s currents; lake water flows out of Long Lake at the
southern end of the lake, and the Long Lake peninsula shields its southern bank from the broader lake
currents.

The fluid dynamics of the lake are, potentially, a more complex system, and a more thorough study of
its currents and motion with respect to its cooling processes would be indispensable for the purpose of
determining the extent to which lateral transmissivity of the water could influence the distribution of dissolved
oxygen at this area, however, surface streamflow at this area of the lake (and in the broader lake, generally) is
not discernible, although it appears to be very minimal. Long Lake does have an outlet at Sucker Creek, and,
thus, further study in this regard may be helpful for understanding the hydrology of the lake.

Concentrations of dissolved oxygen are generally much lower in groundwaters than standing bodies of
water, although some amount of dissolved oxygen usually exists in groundwater (having between 0.5 and 2.0
mg/L). Most importantly, the lack of nearly all oxygen at depths of the lake where recharge from groundwater
should be occurring is a fact that should not be overlooked while the hydrologic regime of the lake at depth is
being researched with regard to its ecology, since the hydrology of the lake body should, in theory, be
introducing dissolved oxygen there, which near complete absence may be suggestive either of increased
biochemical oxygen demand (BOD) from accumulating organic waste at greater depths in Long Lake or of
adsorption, reaction, and retention of dissolved oxygen in groundwater with other chemical species in the
sediment interface. Given the historically elevated concentrations of phosphorus in sediment of Long Lake, an
element whose reactivity with oxygen is great, the possibility that oxygen exchange between the sediment and
the hypolimnion may be both hydrologically and chemically impeded should not be overlooked.

Phyto— and Zooplankton Samples with Light Microscopy

As a further matter of limnological interest, examining water samples using light microscopy for the
presence and abundance of phyto- (plant) and zoo- (animal) plankton on Long Lake is useful for identifying
which organisms live in the lake and how they may be biologically and ecologically interacting. There are many
different species of phyto- and zooplankton, and many phytoplankton are primary producers in inland lakes,
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meaning they produce the most amount of energy in the form of organic macronutrients on which higher
organisms in the lake need to feed and survive.

Investigative study of the populations of and distribution of plankton populations in lakes within the Long
Lake watershed, including both phyto and zoo-plankton populations, to the author’s knowledge, have not
previously been undertaken in any detail.

Studies examining aquatic plant growth were conducted in the years 2000 and 2005 and other years
since, but these studies have examined only the distribution and propagation of benthic, especially, rooted,
species of algae, only (Great Lakes Environmental Center, 2001). They did not study nor assess the distribution
of planktonic species of algae, but focused exclusively on benthic macrophytes’, and mostly, only to the extent
necessary to assess whether invasive species like Eurasian Milfoil pose a potential threat to this aquatic
environment (Great Lakes Environmental Center, 2001, Appendix D). So, a thorough understanding and
characterization of the Long Lake watershed’s environment with regard to its entire pelagic and littoral zones
has been largely incomplete and lacking.

To ensure viability of the samples collected, samples were either promptly studied (within 24-48 hours),
or were refrigerated until such time as microscopy could be completed. In either case, the samples were
stored such that they would not be subject to sources of oxidation (sunlight, heat, chemicals), and microscopy
was performed within a maximum of 7 days from the date of the sample.

Zooplankton

Among the plankton collected in our three plankton trawls, zooplankton always appeared to be
numerous, diverse, and were present in great abundance in each sample. Individual species were difficult to
identify, owing to the wide variety and close similarities of these organisms, but their general types included
many different types of copepods and cephalopods. Populations of these organisms were so significant as to
produce a significant amount of visible movement in the water samples collected. The samples were always
observed to be teeming with their movement, and these organisms demonstrated this strong collective mobility
under a microscope, where the agility of their individual movement was apparent. While a quantification of
zooplankton populations is not a task that our study undertook as it requires certain methodology for accurate
measure, zooplankton populations appeared to be healthy.
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Phytoplankton

Microscopy study of samples in Long and Mickey Lakes showed a diversity of genus of phytoplankton.
Genus observed include Microcystis, Navicula, Anabaena, Gomphosphaeria, Tabellaria, and Fragillaria. The
image above on the left displays a green Anabaena algae specimen. The image above on the right displays
Microcystis algae. Each of these genera of algae seemed to be prevalent in the lake, but a quantitative estimate
of algal populations in the Long Lake watershed was not untaken for this study, as this requires more rigorous
methodology and intensive testing to evaluate algal populations, although suitable and efficient methodology
does exist for these purposes.

23



Decaying diatoms were also present in great abundance at the shoreline in mid- to late summer. They
are visible as a brownish cloud in the water by the shore in the bottom and left halves of the upper image. The
waters in the right half of the image are clearer and contain less of them. When examined under microscopy,
these algae revealed cellular structures consistent with diatom algae with well-defined cellular structures
(image below left) and yellow-brown coloration (image below right).

Gloeotrichia spp.

Also notable among the phytoplankton observed, an unidentified species of Gloeotrichia showed an
abundant population at the site of LL2 in midsummer. The exact taxonomy of the species is difficult to
determine and would require closer biological study, but it is definitely within the Gloeotrichia genus.
Gloeotrichia are a common genus of blue-green algae in freshwater inland lakes:
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The images above display a magnification of a single Gloeotrichia algae. This specimen appeared
healthy and displayed a vibrant dark-green/blue-green color with long trichomes (straight filaments that
extended from the algae’s nucleus). Each specimen in the sample measured approximately 600-700 microns in
diameter, and they are large enough to be clearly visible with the naked eye.

~

A number of the specimens in the same sample, however, were not as healthy as the others and
showed signs of significant damage. The leftmost image above shows a Gloeotrichia specimen in which
trichomes were disintegrating and had apparently broken off from the alga. They are seen strewn about in the
water around the algae. The center image is a magnification of the same specimen, which shows that the
trichomes had lost their phyto pigments and became a brown color. The inner nucleus of the algae still retained
some of this pigmentation, and this difference in color is indicative of severe oxidative stress and cellular
damage. The sample that yielded these specimens was studied the day immediately following sample
collection, and so the observed deterioration is not likely to have resulted from any changes during a delay in
the time between collection and study.

The image on the right of this set shows a Gloeotrichia specimen under the microscope that appeared
to have been damaged by a substantial rupture to its body. It had lost all its pigmentation and apparently died
from the injury. Its inner body displayed none of the green pigmentation that would indicate functioning
phytogenic processes.

To determine whether the floating material seen around the cell were disconnected trichomes and not
another type of algae that surrounded the specimens, a closer examination of the trichomes was made with

greater magnification: I
| :
. ”’
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The leftmost images show completely oxidized trichomes in the process of disintegrating from the alga.
It should be observed in this image that many trichomes are still intact and are seen disintegrating slowly from
the alga at the tips. In contrast to the images above, many of the trichomes surrounding the algae were
detached entirely at their base, indicating that the algae had been subject to a strong force. Although they each
appeared to be one piece, each trichome was built of smaller, discrete segments (cells), which narrow in width,
the further the trichome extends from the alga.

The center image is a view from the other side of the same alga that displays a section in which a few
trichomes had not yet completely died and were partially still intact. One can see a segmented change in the
trichomes that are partially green-pigmented at the inner parts and had become brown at their outer
peripheries. To better observe this change, the image at the right displays the same photograph, but whose
green color profile of the image has been adjusted to allow a maximum of green color to appear in the image.
In the bottom third of this photo, the color change is apparent for two outstanding trichomes. This showed that
the dead plant matter surrounding the alga was, in fact, detached trichomes, and ones that were dead.
Additionally, the trichomes had been recently detached, as some still displayed the green hue characteristic of
living Cyanophyta.

The oxidation, trichome breakage, and ruptures visible in the specimens of the Gloeotrichia algae at
LL2 are indications of significant and/or prolonged disturbance of the surface water where the algae would
naturally stratify. If the algae are routinely disturbed by significant turbulence that prevents them from
maintaining an inner equilibrium of pressure through sustained contact with the nitrogen-laden surface waters,
their cells may not be able to perform sufficient ion exchanges with the compounds in the surrounding
environment that allow them to take in nutrients. They may not have sufficient time to take in sufficient nutrients
to be able to perform their essential processes that sustain their pigmentation and prevent oxidative solar UV
damage from the sun.

Continuous boater traffic is the likely cause of this disturbance. In particular, the rupture visible in one of
the alga is almost certainly caused by the intense cavitation in water created behind a boat propeller.
Enormous changes to pressure in the cavitated space behind a propeller can exert enormous amounts of
pressure on anything inside the cavitated space. Such pressures would be sufficient to rupture large algal
bodies, and significant friction created by turbulence in the water would be sufficient to detach living and dead
trichomes, like these Gloeotrichia exhibits. In particular, the known fact that this genus is capable of nitrogen
fixation and that the apparent susceptibility of this alga to rupture was observed suggests that their inner
nucleus is structured and functions as a vacuole that holds nitrogenous gas, wherein the process of nitrogen
fixation takes place.

Gloeotrichia were also found from a shoreline sample collected in Mickey Lake. To examine the
distribution of algae in Long Lake, another plankton trawl was conducted on a stretch of Long Lake near the
lake’s south end, beginning a short distance just southwest of LL1, near the second-most deep part of the lake.
That trawl, conducted in the same manner, yielded no Gloeotrichia organisms in the sample. Thus, the colony
of Gloeotrichia in Long Lake may be limited to the area around LL2, however, it is more likely that recruitment
from the sediment for Gloeotrichia at depth is dependent on an influx of nitrogen-rich spring water near LL2
that weakened significantly this year as the height of the water table lowered through the summer; nitrogen is
transferred to soil from rocks in the ground as they undergo physical and chemical weathering processes
(King, 2011 [Pg. 69]). This nitrogen contained in the soil is then transferred to groundwater aquifers as
suspended and dissolved solids when recharge occurs via infiltration of precipitation (rain). If groundwater
discharge into the lake from springs declines to a significant degree, then nutrient (nitrogen) flux into the lake
bottom may decline in parallel. In this way, the Gloeotrichia that live and spawn in the sediment may not receive
sufficient nutrients at the lake bottom to remain at depth near the sediment and may be instead stimulated by
hydrological changes to rapidly recruit from the sediment into the water column, where nitrogen concentrations
are greater because of exposure to the overlying atmosphere.
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Data from the National Oceanic and Atmospheric Administration (NOAA) shows that accumulated
snowfall for the 2020-2021 winter season for Traverse City at Munson Avenue was the lowest recorded for any
year since the turn of the millennia (National Weather Service, 2024). In the winter of 2020-2021, a mere 46” of
snowfall precipitated at a sampling location near Munson Avenue. Along this line of reasoning, there is
supporting evidence for the theory that the deepest parts of the Lake are those areas where discharge from
springs is greatest; as hydraulic pressures in nitrogen-containing groundwater are greater at increasing depth,
then the influx of groundwater and nutrients would be greatest at the deepest portions of the lake. It is also
likely, therefore, that these areas are the locations where Gloeotrichia are in the greatest abundance.

Trophic Status

Long Lake usually exhibits low surface phosphorus concentrations in the spring and summer that are
characteristic of an oligotrophic lake condition, however, our data from this year indicates that changes in
phosphorus concentrations occur at depth between the late spring and late summer that increase levels by
approximately 44% into the range typical of that associated with mesotrophic conditions. These changes in
phosphorus concentration at depth do not appear to reflect changes in productivity in Long Lake at the
surface, as measured by minimal chlorophyll-A concentrations, and so any effect these changes have on lake
productivity must be reflected elsewhere in the water body.

Given that phosphorus concentrations in Long Lake do not appear to be uniform with respect to depth
in the epi- and metalimnions during the summer months, questions exist about whether the aquatic system of
Long Lake is in homeostasis with respect to the interchange of phosphorus between the sediment and the
different limnionia. In order to evaluate principal factors that are contributing to lower productivity (as
determined by chlorophyll-A concentrations) and to accurately evaluate the health of the whole water body in
Long Lake, the profile of the lake has to be examined with respect to the entire water column, and this
necessitates an understanding of the way in which the different parameters of our study could be
demonstrating biochemical interactions between the water body and the living organisms residing in it that are
stimulating them.

Zebra Mussel Propagation

An invasive Zebra mussel population has a considerable presence in Long Lake. In the image above,
native mussels are covered by a species of zebra mussel from Long Lake. An exact taxonomic classification of

27



the zebra mussel populations in Long Lake has not been untaken for this research, however, the distinct zebra-
like pattern typical of zebra mussels is recognizable. A population study of zebra mussels in Long Lake was
also not untaken as part of our sampling, however, the presence of these mollusks in the lake may pose a
significant threat to the natural ecosystem, in the same way that the explosive growth of these species has
created a significant threat to the ecology of the Great Lakes.

The presence of Quagga Mussels have not been identified in Long or Mickey Lakes at this time.

Crayfish Populations

Studies on crayfish populations in the Great Lakes watershed indicate that crayfish populations are in
steep decline in hundreds of inland lakes in the Great Lakes watershed, varying from 63 to 96% population loss
(Edwards, et al., 2009). Major reasons put forth to explain the observed declines include loss or degradation of
appropriate habitat, various forms of chemical pollution, introduction of non-native species, and
overexploitation for human uses (Edwards, et al., 2009). Crayfish have been observed in the lakes this year, but
not to the extent as in previous years.

In connection with the colonization of Long and Mickey Lakes with zebra mussels, there is reason for
concern for the populations of crayfish in Long Lake. Zebra mussels have been studied as colonizing crayfish
in Michigan Lakes, wherein most parts of the shells of crayfish were colonized with zebra mussels (Brazner, et.
al., 2000). One important concern is that colonization of crayfish by zebra mussels may pose significant motility
challenges for cambarus (crayfish) species when their shells are used as a substrate for the growth of these
organisms, which could limit their populations’ ability to evade predators. This behavior is exhibited in Long
Lake by zebra mussels growing on the shells of native mussel species, with which they compete.

E-Coli and Coliform Bacteria

Several people have asked about the formation of foam observed on the lakes during windy days. Since
PFAS/PFOS chemicals could cause foaming in water, there was concern that the foam they observed could be
chemical in origin. There were no indications of industrious foaming that would cause suspicion of PFOA/PFOS
contamination when we performed our tests, and so laboratory testing for PFOA/PFOS was not warranted.
Lake foam will often form in lakes because of mucilaginous proteins (decaying organic matter) introduced into
the water by phytoplankton and is a common occurrence in many freshwaters.

Instead, our group did concern our study with the potential for foams and the waters of Long Lake,
Mickey, and Ruth lakes containing E. Coli and coliform bacteria. Total coliforms are a group of bacteria that are
widespread in nature. All members of the total coliform group can occur in human feces, but some can also be
present in animal manure, soil, and submerged wood and in other places outside the human body, while E. coli
is a species of fecal coliform bacteria that is specific to fecal material from humans and other warm-blooded
animals. Our water samples were taken using standard sampling methods for lake waters, but did not follow the
prescribed three samples per area. The foam samples were from the same location as the water samples but
collected where there was an abundance of foam on the shore. The Michigan standard for water to be
considered safe for swimming is the daily geometric mean of three samples and must be below 300 E. coli per
100 milliliters (ml) of water.

We tested foam observed at three different sites in the lake, which locations were arbitrary and differed
from our labeled testing sites. In the first test conducted on 6/12/24, concentrations of coliform bacteria were
observed in the foam sampled, showing > 24,190 colonies per 100 mL volume of water. E. Coli concentrations
were 1,274 colonies per 100 mL of water in the same sample. In contrast, the foam from a second test
conducted on 8/12/24 showed just 14 colonies of E. Coli per 100 mL. Coliform and E. Coli levels from various
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tests were generally low in the surface waters of Long and Mickey Lake, not exceeding 20 colonies per 100 mL
of water in any test. Foam from a third testing also showed between 0 and 8 colonies per 100 mL on Long
Lake. A single test for E. Coli performed on Ruth Lake on 8/27/24 showed 25 colonies per 100 mL. An
additional test for E. Coli was conducted for Mickey Lake and Gilbert Park on 7/30/24. The media tested on
Mickey Lake on that date showed no more than 7 colonies per 100 mL, and the samples from surface water
near Gilbert Park showed 0 colonies per 100 mL.

Screening for fecal coliform bacteria was also conducted at two locations near the southern shoreline of
Long Lake in waters off Wintergreen Ave with a Coliscan Easygel™ water testing kit. The sample was collected
on 8/25/24 and results were evaluated on 8/28/24. Results showed approximately 200 fecal coliforms per 100
mL of water for waters near the western part of Wintergreen Avenue and 30 fecal coliforms for waters near the
eastern part of Wintergreen Ave.

The Michigan Department of Environment, Great Lakes, and Energy (EGLE) recommends that the foam,
no matter its origin, should not be “played in”. If it is encountered, it should be thoroughly rinsed off.

Discussion

The results of sampling for our study conducted during the 2024 year are not easily summarized in a
concise, meaningful manner for the reason that many of the chemical — both biologic and electrolytic —
processes that effectively characterize such limnology are not well researched, understood, nor theorized for
broader, practical purposes of responsible lake management. While our data provides a set of limnological
profiles for important parameters of great environmental and ecological value, these parameters are, at best,
narrowly regarded in the present science of limnology as markers of environmental conditions that define the
attributes or nature of a limnic system; ‘oligotrophic’ and ‘eutrophic’ conditions are considered by many to be
classifications that can be applied to lakes, generally, to tell what the expected state or status of such lakes
should be. Such an approach is flawed in that lakes are, apparently, not intrinsically static regarding temporal,
spatial, or vital dimensions and do not fit into such distinct categories that determine the ecological essence of
a lake, per se. The ascription of such qualities to lakes offers a means for researchers to describe a lake. This
has the advantage that the activity of lakes may be generalized, accordingly. These descriptions align with the
overt condition of a lake while the underlying and internal processes that engender its life go largely
undiscussed. Yet, the interrelationships between each of these different study parameters — dissolved oxygen,
pH, conductivity, temperature, nutrients, and trophic status remain poorly recognized and unconceptualized,
both at the macroscopic and molecular levels, despite clear correlations between these parameters that
suggest causal connections between these specific metrics as they are measured, especially as the lake
‘stratification’ appears. As such, this data necessitates detailed theoretical and computational research
encompassing elemental, chemical, biochemical, and electrochemical aspects to enhance understanding of the
data and its significance. This type of study is indispensable for realizing the benefits of regular lake monitoring.

Long-term or multi-decadal studies may be regarded as invaluable for tracking greater changes to lake
ecology over time, yet such archival data still exists for the Long Lake watershed in earlier reports dating back
to the 1990s. Data also exists in the CLMP database for Long Lake. Research that creates, broadens, refines,
or redefines understanding of the value of these parameters is crucial for future efforts to make improvements
in the interest of environmental and ecological stewardship.
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